Childhood obesity rates have risen alarmingly for decades, and although recent data suggest a possible plateau, obesity is seen in ever younger children, and is increasingly severe. The proximal cause of obesity is energy imbalance; the root cause is modern living. Throughout most of human history, calories were relatively scarce and hard to get, and physical activity unavoidable. We have devised a modern world, in which physical activity is scarce and hard to get and calories are unavoidable. Although both sides of the energy balance equation matter, forced to pick sides, we should prioritize forks over feet for weight control based on both science and sense. The modern world makes it very easy to out-eat exercise, and nearly impossible to out-exercise excessive eating.
Introduction
The current toll of childhood obesity Childhood obesity rates, in the United States and much of the developed and developing world, have risen alarmingly over recent decades. [1] [2] [3] [4] Officially, some 17% of children in the population at large are considered obese (that is, age and sex adjusted body mass index at or above the 95th percentile), 5 and an additional 10-15% are overweight (that is, age and sex adjusted body mass index at or above the 85th percentile). 1 In some ethnic minority groups, this figure rises to 50%. 6, 7 Even these alarming statistics, however, may fail to reflect the true rate of obesity in children, as the very definitions of obesity and overweight in childhood have been devised to be more exclusive than inclusive, and minimize the number of children encumbered by this stigmatizing label. Casual inspection would suggest that the actual rate of overweight in children is considerably higher than officially reported. The most recent trend data suggest the encouraging possibility of a plateau in the overall rate of childhood obesity in the US, 1 and in some European countries as well. 8 However, equally current data sources suggest obesity of increasing severity 9 and at ever younger ages. 10 A marked rise in the prevalence of overweight among infants and toddlers has been suggested by one study. 11 As in adults, body mass index is a crude indicator of adiposity and fat distribution in children. Recent data also indicate that waist circumference has been rising in tandem with body mass index in children, and perhaps at an even greater rate 12,13- Fsuggesting a disproportionate rise in the variety of adiposity of greatest concern. Some researchers have projected universal obesity in the US in the near future among adults, if not children, should current trends persist. 14 The health consequences of obesity are in general well characterized, as is the economic toll. 15 The toll of the epidemic is most starkly conveyed by the impact on children. In the past two decades, childhood obesity, type 2 diabetes has been transformed from a condition occurring almost exclusively at or after middle age into a pediatric epidemic affecting children as young as six. 15 Less than a generation ago, type 2 diabetes was routinely referred to as 'adult onset' diabetes. That 'adult onset' diabetes has migrated down the age curve to become an increasingly common diagnosis among the ranks of the under-10-year-olds is a potentially ominous portent for the evolution of other chronic diseases. The potent influence of diabetes on cardiovascular risk is indicated by the fact that recommendations for the management of hyperlipidemia in diabetic patients are the same as for patients with established coronary disease. 16 There is no reason to think the implications of diabetes for vascular disease should differ between adult and pediatric populations. There is also little reason to think that chronic diseases are tethered to chronological age, from which biological age can differ markedly. Evidence of proliferating cardiac risk factors among ever younger children is well established. 17 Diverse metabolic mayhem follows in the wake of obesity in children as in their parents. Obesity in children has been linked to increased risk of developing hypertension, hypercholesterolemia, hyperinsulinemia, insulin resistance, hyperandrogenemia, gallstones, hepatitis, sleep apnea, orthopedic abnormalities (for example, slipped capital epiphyses) and intracranial hypertension. 15 Obesity during adolescence increases rates of cardiovascular disease and diabetes in adulthood, in both men and women. In women, adolescent obesity is associated with completion of fewer years of education, higher rates of poverty, and lower rates of marriage and household income. In men, obesity in adolescence is associated with increased all-cause mortality and mortality from cardiovascular disease and colon cancer. Adults who were obese as children have increased mortality and morbidity, independent of adult weight. Childhood obesity seems to be accelerating the onset of puberty, in girls at least.
The proximal causes: eating too much, doing too little Although resolving the modern obesity epidemic may indeed prove as complex as it is challenging, explaining it is easy. People who gain excess weight over time are in a state of positive energy balance. The longer that state persists, and the greater the imbalance, the more weight is gained. Epidemiologic studies indicate that habitual energy expenditure among children has declined 18-20 and the energy intake has gone up, 21, 22 concurrent with the trends in obesity. Opinions are split on the relative importance of these two factors, although a case for the predominant influence of 'calories in' has been made. 21, 23, 24 Because the relationship between energy and matter is governed by fundamental laws of physics referable to the likes of Einstein and Newton, the implications of energy balance are substantially self-evident. When more energy is taken into the body than is consumed by all energyexpending processes, the surplus is converted into matter. Body energy stores include glycogen, lean body mass, and the ultimate storage depot for surplus calories, body fat.
Although energy intake is limited to a single activity, eating, energy output is expressed in several ways, including thermogenesis, physical activity, basal metabolism and growth. Although growth may account for a significant fraction of the total during spurts in childhood, generally basal metabolism is the predominant influence, accounting for some 65% of total energy expenditure.
Whenever caloric intake exceeds caloric expenditure by roughly 3500 to 4000 kcal, 1 2 kg of body fat will be generated. Theoretically, a kilogram of fat stores B9000 kcal (9 kcal per g of fat). However, a pound of living tissue is not actually just fat but must also contain the various structures and fluids required for the viability of that fat, such as blood, blood vessels, neurons and so on. By convention, an excess of 7700 kcal is used to approximate the energy requirement for a kilogram of weight gain. By the same convention, a deficit of 7700 kcal relative to expenditure will translate into a kilogram of body fat lost. For this reason, a daily caloric deficit of roughly 500 kcal would be required to achieve weight loss at the pace of roughly 1 2 kg per week.
The ultimate or root causes: everything about modern living Although the proximal cause of obesity is energy imbalance, the root cause is the 'obesigenic' modern environment, and its array of factors that makes the current generation of children, and adults, more prone to excessive energy intake and inadequate energy expenditure than any previous generation. Everything that makes tasty, tempting, energy dense, nutrient-dilute food items available, convenient, ubiquitous and relatively inexpensive is part of the problem. The marketing of such products to children is part of the problem. Every technological advance that provides a replacement for something muscles used to do is part of the problem. The elimination of recess and physical education from the school day is part of the problem. Lack of time, attention and aptitude for cooking is part of the problem. Suburban sprawl is part of the problem. 25 The ultimate solution to the problem of epidemic obesity is thus a counterforce commensurate to these root causes. If it is a flood of factors into our daily lives and the lives of our children that propels us toward obesity, it is a levee that will protect us. Any single helpful intervention in any single setting is but a sandbag in the levee; this explains why even robust interventions in a given setting may have limited impact on the overall prevalence of overweight and obesity. 26 We thus far have few good examples of communitywide 'levee' building, but those we have are promising.
27,28
The ultimate solution: 'reverse engineering' the obesigenic environment Until communities are routinely sheltered by the antiobesity equivalent of a levee, we are left to contend with the proximal causes of obesity by applying proximal solutions. That effort brings us to the choice between feet, increasing physical activity or forks-reducing energy intake. That physical activity is both fundamental and vital to the health and well-being of children, as adults, is not in dispute; it simply is not the focus of this essay, which is weight control. In general, physical activity is known to be vital to health and widely deficient; 29 can confer fitness that compensates for the health hazards of persistent fatness; 30, 31 and may improve body composition even when not resulting in weight loss, per se. 32 Physical activity also appears to be important in the long-term maintenance of weight loss. 32 With regard to weight loss per se, however, a particular focus on energy intake rather than expenditure is warranted. The case for preferential attention to 'calories in' in efforts to combat childhood obesity is well made in the scientific literature. Studies suggest not only an increase in habitual Obesity in children DL Katz caloric intake, but the particular attribution of obesity trends to this occurrence. 24 Intervention studies generally indicate that dietary interventions can be effective on their own for weight loss, whereas exercise-based interventions typically are not although combinations of the two may work better than either alone. [33] [34] [35] [36] Our own review of school-based interventions reached this same conclusion, finding weight loss in interventions focused on dietary intake alone, but not in those focused on exercise alone. 37 The effect of exercise on weight loss per se at less than rather extreme levels is generally recognized as very modest. 32 Even studies that have targeted screen time and television viewing have reached the perhaps surprising conclusion that the benefit of reduced screen time to weight is referable to reduced energy intake more than to increased energy output. 38, 39 Studies in adults suggest that the restriction of caloric intake is more reliably predictive of weight loss than increases in physical activity. 40 That said, the case for prioritizing attention to calories in over calories out is even stronger than the available scientific literature suggests. It is a case well made by an application of sense, and some very simple energy math. Table 1 shows metabolic equivalents, using adult values, associated with some common activities. A metabolic equivalent is a multiple of resting energy expenditure. Resting energy expenditure varies with many factors, including age. Thus, no single, truly reliable reference standard may be used for 'children.' However, a resting energy expenditure estimate of 1 kcal min À1 is reasonable, and useful for purposes of illustration.
If a child were burning 1 kcal min À1 at rest, that level would, of course, increase with physical activity. Biking moderately fast could potentially generate five metabolic equivalents or more, meaning a fivefold increase in resting energy expenditure. How many calories would be burned if a child were to bike 'moderately fast' for an hour a day? A fivefold increase from 1 kcal min À1 is 5 kcal min
À1
, resulting in a total of 300 kcal burned in an hour. Of these calories, 60 kcal would have been burned at rest; thus, the net 'energy benefit' of 1 h of moderately fast biking is roughly 240 kcal.
Just one ounce of 'cheese snacks' (who eats just one ounce?) provides 160 kcal. One large soda from a fast food restaurant provides 310 kcal. A small order of fast food french fries is 230 kcal. 41 Routine consumption of these, and innumerable foods like them, could restore the calories burned in a fairly intense, hour-long bike ride in a matter of minutes. Getting a generation of increasingly sedentary children to achieve the equivalent of an hour per day of arduous biking is already an elusive and rather daunting goal; that the weight control benefits of such an achievement could be undone by daily intake of one large soda is an emphatic indication of how little progress we will make if we fail to improve the quality and overall quantity of children's diets. Reversing childhood obesity trends will therefore require meaningful improvements in dietary patterns, with resultant declines in daily energy intake. Achieving reductions in energy intake will almost certainly require a shift to more wholesome, less processed foods which, along with other benefits, promise to confer satiety with fewer calories. 42 Overall, there is little evidence to suggest that diet composition, or macronutrient distribution, has a meaningful influence on weight control independent of calories; 15 however, diet composition may influence satiety, and thus may influence weight indirectly by affecting the quantity of calories consumed. 43 Foods 'close to nature' generally offer an array of properties that would tend to reduce the number of calories required to achieve fullness, including but not limited to their volume, water content, fiber content, glycemic load and energy density. 44 
Conclusion
To some extent, a debate about the relative importance of diet versus physical activity in the control of pediatric obesity is an exercise in wishful thinking; we have achieved very limited population level, lasting successes with either strategy alone or both together. 45, 46 But both the science of short-term intervention effects, and sense, establish a basis for resolving the debate in the realm of theory, at least. In children as in adults, feet and forks are master levers of medical destiny. Diet and physical activity patterns exert powerful influences on weight and health. There can be no Obesity in children DL Katz choosing between them when it comes to overall health: physical activity is the vital, conditioning work of the human machine, diet is its fuel. But forced to choose a side of the energy balance equation to favor in weight control, it is forks over feet for fundamental reasons of modern living. One may readily out-eat even somewhat extraordinary levels of physical activity, but most will find it very difficult to out-exercise even fairly ordinary levels of dietary intake.
